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CHARACTERIZATION OF THE TREEFROG NULL ALLELE 

EXECUTIVE SUMMARY 

S p r i n g  peeper ( H y l a  cruclfer ' ) t a d p o l e s  collected from t h e  
waste storage area d u r i n g  t h e  B i o l o g i c a l  and  Ecological S i t e  
C h a r a c t e r i z a t i o n  of t h e  Feed Materials P r o d u c t i o n  C e n t e r  i n  1986 
a n d  1987 appeared t o  be un ique .  A n u l l  ( i n a c t i v e )  a l l e l e  was 
found  a t  t h e  g l u c o s e  phospha te  isomerase ( G P I )  enzyme l o c u s  i n  
s i g n i f i c a n t  f r e q u e n c i e s  ( a p p r o x i m a t e l y  2 0 % )  e a c h  y e a r ;  t h i s  
a l l e l e  d i d  n o t  appear t o  o c c u r  i n  t h e  o f f s i t e  sample c o l l e c t e d  
a p p r o x i m a t e l y  15 km from t h e  FEMP. N u l l  a l l e l e s  a t  t h i s  l o c u s  
have  n o t  been  reported i n  o t h e r  amphib ian  p o p u l a t i o n s ;  when t h e y  
have  been  found  i n  o t h e r  o rgan i sms  t h e y  have i n v a r i a b l y  been  
l e t h a l  i n  t h e  homozygous c o n d i t i o n .  

Ana lyses  i n  1990 demons t r a t ed  t h a t  t h e  n u l l  a l l e l e  i s  found 
i n  p o p u l a t i o n s  up t o  20 km from t h e  FEMP; r e -examina t ion  o f  g e l  
p h o t o g r a p h s  from Facemire e t  a l .  (1990)  d e t e r m i n e d  t h a t  t h e  n u l l  
G P I  a l l e l e  had been  e r r o n e o u s l y  c l a s s i f i e d  as  a b s e n t  from t h e i r  
R e i l y  p o p u l a t i o n  sample .  However, t h e r e  i s  a marked decrease i n  
f r e q u e n c y  o f  t h e  a l l e l e  w i t h  i n c r e a s i n g  d i s t a n c e  eas t  a n d  s o u t h  
f r o m  t h e  FEMP. Decrease i n  f r e q u e n c y  o f  t h e  n u l l  a l l e l e  i s  more 
g r a d u a l  n o r t h  o f  t h e  s i t e  w i t h  n e a r l y  s i g n i f i c a n t  r e d u c t i o n s  n o t  
o c c u r r i n g  u n t i l  a d i s t a n c e  o f  17 km. 

Dur ing  1991 sampl ing  w e s t  o f  t h e  FEMP as w e l l  as a t  
d i s t a n c e s  g rea te r  t h a n  20  km, a l o n g  t h e  r e m a i n i n g  compass 
p o i n t s ,  w a s  conduc ted .  T h i s  s ampl ing  regimen w a s  e s t a b l i s h e d  t o  
c o n f i r m  whe the r  t h e  f r e q u e n c y  o f  t h i s  un ique  n u l l  a l l e l e  
c o n t i n u e s  t o  d e c l i n e  w i t h  i n c r e a s i n g  d i s t a n c e  from t h e  FEMP a n d  
v i c i n i t y ,  a n d  t o  a i d  i n  d e t e r m i n i n g  t h e  o r i g i n a t i o n  s i t e  o f  t h e  
n u l l  a l l e l e .  L a b o r a t o r y  c r o s s e s  were made between i n d i v i d u a l s  
h e t e r o z y g o u s  f o r  t h e  n u l l  a l l e l e  t o  d e t e r m i n e  whe the r  t h i s  n u l l  
a l l e l e  i s  l e t h a l ,  when homozygous, i n  s p r i n g  p e e p e r s .  

The 1991 s t u d y  i n d i c a t e d  t h a t  t h e  n u l l  a l l e l e  is p r e s e n t  i n  
h i g h e r  f r e q u e n c y  over a much wider d i s t r i b u t i o n  t h a n  w a s  
p r e v i o u s l y  a n t i c i p a t e d .  The a l l e l e  i s  p r e s e n t  a t  a f r e q u e n c y  of 
18% i n  a p o p u l a t i o n  of t r e e f r o g s  a t  F o r t  J e f f e r s o n ,  7 7  km n o r t h  
of t h e  F E W .  I n  a d d i t i o n ,  s ampl ing  70  km w e s t  o f  t h e  FEMP 
documented t h e  n u l l  a l l e l e  a t  a f r e q u e n c y  o f  20% n e a r  
Greensburg ,  I N .  However, t h e  a l l e l e  c o n t i n u e s  t o  decrease b o t h  
east  (Wheel ing,  2 % )  and  s o u t h  ( R i c e  Run, 1%) o f  t h e  s i t e .  
D i s t r i b u t i o n a l  data  s u g g e s t  t h a t  it i s  h i g h l y  u n l i k e l y  t h a t  t h e  
FEMP w a s  t h e  s i t e  of  o r i g i n  f o r  t h e  n u l l  a l l e l e .  

w e r e  homozygous f o r  t h e  n u l l  a l l e l e .  C r o s s e s  be tween n u l l  
h e t e r o z y g o t e s  f a i l e d  t o  y i e l d  t h e  predicted f r e q u e n c y  o f  n u l l  
homozygotes;  i n  fac t ,  no  n u l l  homozygous o f f s p r i n g  were found .  
These  data  a p p e a r  t o  c o n f i r m  t h e  l e t h a l i t y  o f  t h e  homozygous 
n u l l  c o n d i t i o n .  

None of t h e  t r e e f r o g s  col lected over t h e  past  t h r e e  y e a r s  

.._ 
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CHAIUiCTERIZATION O F  THE TREEFROG NULL ALLELE 

INTRODUCTION 

As p a r t  of our in tens ive  year-long base l ine  ecological  

study (Facemire e t  a l .  1 9 9 0 ) ,  we character ized t h e  degree of 

gene t i c  polymorphism and heterozygosity i n  s e l e c t e d  Fernald 

Environmental Monitoring Project  (FEMP) p l an t  and animal 

populat ions u s i n g  e lec t rophore t ic  techniques.  These data  a re  

being used a s  an ind ica tor  of s t r e s s  by comparing populations on 

and o f f  t h e  FEMP property.  

Ar,urans ( f rogs  and toads)  a r e  i d e a l  oraanisms f o r  use a s  

monitors of s t r e s s  i n  freshwater environments. They breed and 

l ay  t h e i r  eggs i n  water and the tadpoles spend from one t o  t h r e e  

months (depending on the  species)  developing i n  aquat ic  

h a b i t a t s ;  duri9g t h e  tadpole s tage they a re  herbivores feeding 

predominantly on a lgae .  Upon metamorphosis anurans become 

t e r r e s t r i a l  carn ivores .  They may remain i n  t h e  v i c i n i t y  of 

t h e i r  n a t a l  pond o r  d i sperse  up t o  1 0  km ( E w e r t  1 9 6 9 ) .  However, 

d c r i n g  t h e i r  f i r s t  breeding season they demonstrate a remarkable 

f i d e l i t y  t o  t h e i r  n a t a l  s i t e  and most w i l l  migrate d i r e c t l y  back 
s' 

t o  t h e  pond i n  which they developed ( C h r i s t e i n  e t  a l .  1 9 7 9 ) .  -P 
Adults w i l l  continue t o  re turn  t o  the  same s i t e  year a f t e r  year 

(Oldham 1 9 6 7 )  and cases e x i s t  of ind iv idua ls  re turn ing  t o  the  

s i t e  of a n a t a l  pond long a f t e r  it has been o b l i t e r a t e d  (Heusser 

1 9 6 0 ) .  t 
W e  s tud ied  t r e e f r o g s  (spr ing-peeper;  H y l a  CLLL-L i f  r) because 

t h e y  a r e  one of t h e  most abundant anuran spec ie s  i n  t h e  v i c i n i t y  

t 



. .  

of t h e  FEMP and because they breed on-property'. Spring peeper 

females each deposi t  approximately 900 eggs, egg hatch occurs i n  

6 days and tadpoles  requi re  about 4 5  days i n  water before 

metamorphosis (Gosner and Rossman 1960) .  F i r s t  reproduction 

occurs a t  one year of age (Coll ins  1975) and t h e  longevity 

record f o r  a . t r e e f r o g  of t h i s  genus is  14 years of age (Bowler 

' 1 9 7 7 ) .  

The study of t r ee f rogs  on and i n  t h e  v i c i n i t y  of t h e  FEMP 

began i n  1 9 8 6  when spr ing peeper tadpoles  (N=80) were co l lec ted  

a t  t h e  FEMP from an ephemeral pond, surrounded by  mowed grass ,  

w i t h i n  t h e  waste p i t  area about 150 m south of Waste P i t  6 ana 

compared w i t h  20  tadpoles  from an off-property population i n  

i- 

... % 

Indian C r e e k  County Park, But ler  County, Ohio (Facemire e t  a l .  

1990). A s i g n i f i c a n t ,  unique a l l e l e  a t  t h e  glucose phosphate 

isomerase ( G P I )  locus was found i n  t h e  FEMP t r e e f r o g  tadpoles .  

G P I  i s  an e s s e n t i a l  g lyco ly t i c  enzyme. The a l l e l e ,  G P I n ,  i s  a 
i 

n u l l  ( i n a c t i v e  under assay cond i t ions ) .  I t  was present  i n  FEMP 

samples with a frequency of approximately 2 0 %  and was expressed 

only  i n  heterozygous condi t ion.  This a l l e l e  was not present i n  

t adpo les  from off-property y ie ld ing  s i g n i f i c a n t  heterogeneity (p  

< 0 . 0 0 1 )  between t h e  FEMP and off-property populations a t  t h i s  

l o c u s .  Guttman's (1985) recent  review of t h e  l i t e r a t u r e  on 

biochemical population genet ics  of f rogs  and toads d i d  not 

i n d i c a t e  any ins tance  of a n u l l  a l l e l e  a t  a g lyco ly t i c  enzyme 

l o c u s .  N u l l  a l l e l e s  have occasional ly  been found a t  g lyco ly t i c  

enzyme l o c i  i n  o ther  organisms and they a r e  of ten  assoc ia ted  

wi th  d i sease  (Spiess  1 9 7 7 ) .  However, GPI homozygous n u l l s  have 
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been demonst ra ted  t o  be l e t h a l .  Burkhart  e t  a l .  (1984) ana lyzed  

n u l l  a l l e l e s  i n  Proso Dhila and n o t e d  t h a t  GPI  w a s  t h e  on ly  

e s s e n t i a l  l o c u s  among t h o s e  s t u d i e d ;  t h e  n u l l  w a s  l e t h a l  as a 

homozygote. Hydrops f e t a l i s  o r  immediate n e o n a t a l  d e a t h  of 

humans h a s  r e c e n t l y  been shown t o  be caused  by GPI  d e f i c i e n c y  

(Ravindranth  e t  a l .  1 9 8 7 ) .  

I n  1990, 783 a d d i t i o n a l  ljyJ,a e were sampled a t  

d i s t a n c e s  of  up t o  20 km from t h e  FEMP (Guttman 1 9 9 0 ) .  N o  

i n d i v i d u a l  w a s  homozygous f o r  G P I n .  Data i n d i c a t e d  t h a t  h i g h e s t  

f r e q u e n c i e s  o f  G P I n  c o n s i s t e n t l y  occur red  i n  t h e  immediate 

v i c i n i t y  of  t h e  FEMP a l though  p o p u l a t i o n s  o c c u r r i n g  w i t h i n  a n  

area approx ima te ly  15 km n o r t h  o f  t h e  p r o p e r t y  p c s s e s s e d  t h e  

G P I n  a l l e l e  i n  f r e q u e n c i e s  r ang ing  between 15%-22%.  Resampling 

of t h e  o f f - p r o p e r t y  p o p u l a t i o n  i n  Ind ian  C r e e k  County P a r k  

s t u d i e d  by Facemire e t  a l .  ( 1 9 9 0 )  demonst ra ted  t h a t  t h e  n u l l  

a l l e l e  w a s  p r e s e n t  a t  t h a t  s i t e  b u t  had been m i s - i d e n t i f i e d  on 

pho tographs  cf e l e c t r o p h o r e t i c  gels  i n  t h e  e a r l i e r  

i n v e s t i g a t i o n .  Frequencies  f o r  G P I n  decreased b o t h  n o r t h  ( 1 2 % )  

of t h i s  zone as w e l l  a s  s o u t h e a s t  and s o u t h  of t h e  FEW ( 5 %  and 

7 % ,  r e s p e c t i v e l y ) .  

The c u r r e n t  s t u d y  w a s  i n i t i a t e d  t o  d e t e r m i n e  whether t h i s  

G P I  n u l l  a l l e l e  i s  l e t h a l ,  when homozygous, i n  s p r i n g  p e e p e r s .  

A l s o ,  a s ampl ing  p r o t o c o l  w a s  implemented t o  de t e rmine  whether a 

l i n e a r  r e l a t i o n s h i p  e x i s t s  between f requency  of t h e  n u l l  a l l e l e  

and d i s t a n c e  from t h e  FEMP and t o  a t t e m p t  t o  de t e rmine  t h e  

o r i g i n a t i o n  s i t e  of t h e  n u l l  a l l e l e .  - 

.. 
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METHODS 

Five hundred and th ree  adul t  liyU crucifer were co l lec ted  

from 1 0  s i tes  ( S i t e s  6, 11, 17-22, 2 4 ,  27;  Table 1, Figure 1 ) .  

The f i r s t  t h r e e  s i tes  had been sampled by Guttman (1990) b u t  

were r e c o l l e c t e d  t o  obtain males and gravid females of 

appropr ia te  genotypes f o r  crosses (see below); da ta  from these  

samples were included i n  population genotype determinations.  

Treefrogs were brought back t o  Miami University,  toe-clipped 

w i t h  a unique number and maintained a t  5C. Toes removed during 

marking were frozen a t  -7OC t o  prevent loss of GPI a c t i v i t y .  

Males ceased c a l l i n g  a f t e r  2 9  A p r i l  1 9 9 1 ;  t he re fo re ,  addi t iona l  

a d u l t s  could not be co l l ec t ed .  Three new s i tes  (23, 25 ana 2 6 ;  

Table 1, Figure 1) were sampled using only tadpoles .  A t o t a l  of 

_ .  

361 E y h  czucifez tadpoles  were 'co l lec ted  f o r  t h i s  s tudy.  

Toes from indiv idua l  t r ee f rogs  and whole ind iv idua l  

tadpoles  were homogenized manually with 0.25M sucrose 2 %  2- 

pbenoxyethanol i n  cold spot p l a t e s .  The homogenates were then 

s t o r e d  a t  -7OC u n t i l  analyzed by e lec t rophores i s ;  t h i s  occurred 

w i t h i n  four  days of homogenization. 

Glucose phosphate isomerase was analyzed using a c i t r i c  
2 

a c i d ,  4-  (3-aminopropyl)morpholine, pH 6 . 1  bu f fe r  (Clayton and P 
T r e t i a k  1 9 7 2 )  and 15% Sigma s t a r c h  g e l  (Sigma Chemical Co., 

S t . L o u i s ) ,  w i t h  histochemical procedures following Selander e t  

a l .  ( 1 9 7 1 ) .  'After  t h e  g e l s  were s t a ined ,  t h e  genotypic 

composition of each t r e e f r o g  was determined and recorded. 

Genotypic da t a  were analyzed using t h e  BIOSYS-I  computer program 

(Swofford and Selander 1 9 8 1 ) .  A l l e l e  f requencies ,  deviat ion 

000003 4 
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from expected proportions assuming Hardy-Weinberg equilibrium 

condi t ions,  amount of gene t ic  va r i a t ion ,  s i m i l a r i t y  matr'ices and 

chi-square contingency tes ts  f o r  interpopulat ion heterogeneity 

were performed. R e s u l t s  a r e  discussed and i n t e r p r e t e d  r e l a t i v e  

t o  t r e e f r o g  populations s tud ied  i n  1 9 8 6  and 1 9 8 7  (Facemire e t  

a l .  1 9 9 0 )  and 1 9 9 0  (Guttman 1 9 9 0 ) .  P r i o r  t o  commencing the  

study, pro tocols  were submitted and approved by WMCO. 

Glucose phosphate isomerase genotypes were determined from 

t o e  c l i p s  of males and gravid females co l l ec t ed  e a r l y  i n  t h e  

breeding season. Appropriate adu l t s  were crossed; fo r  each 

cross  t h e  following procedure occurred. T h e  t e s t i s  from a 

double-pithed male was removed, placed i n t o  a p e t r i  dish w i t h  5 

m l  H o l t f r e t e r ' s  so lu t ion  (Rugh 1 9 6 2 ) ,  and t h e n  macerated. After  

1 0  min, eggs were s t r ipped  i n t o  the  so lu t ion  from the  

appropr ia te  gravid female, and t h e  mixture gen t ly  ag i t a t ed  f o r  

30 sec  t o  ensure exposure of sperm t o  u n f e r t i l i z e d  eggs. Thi r ty  

min l a t e r ,  t h e  p e t r i  dishes were f i l l e d  w i t h  H o l t f r e t e r ' s  

s o l u t i o n  and t h e  dishes  were placed i n  1 L c r y s t a l l i z i n g  bowls. 

Airs tones provided ae ra t ion  f o r  t h e  developing embryos and 

t adpo les .  When tadpoles hatched and yolk suppl ies  were 

exhausted, bo i l ed  l e t t u c e  was provided ad l ib i tum.  

..__ . .  
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T 

i 

Approximately t h r e e  weeks a f t e r  hatching, tadpoles  were of 

s u f f i c i e n t  s i z e  fo r  e l ec t rophore t i c  ana lys i s  and were frozen a t  

-7OC u n t i l  used. 

Se lec ted  adu l t s  were frozen a t  -7OC a f t e r  GPI  genotypes 

were determined and maintained a s  vouchers; t h e  remaining a d u l t s  



w e r e  r e t u r n e d  t o  the  si tes where t h e y  were c o l i e c t e d  and  

released. 

RESULTS 

F i v e  G P I  a l l e l e s  were detected i n  t h e  864  H y h  crucifer 

col lected i n  t h e  f i e l d ;  one  ( G P I e ) ,  p r e s e n t  i n  l o w  f r e q u e n c y  i n  

a s i n g l e  p o p u l a t i o n  ( # 2 0 ) ,  r e p r e s e n t s  an  a l l e l e  n o t  observed by 

Guttman ( 1 9 9 0 )  . However, Guttman (1990)  i d e n t i f i e d  GPId which 

was n o t  found  i n  t h e  p r e s e n t  s t u d y .  A l l e l e  f r e q u e n c i e s  i n  t h e  

p o p u l a t i o n s  s t u d i e d  a re  l i s t e d  i n  Table 2 ;  t h e  d i s t r i b u t i o n  of  

t h e  n u l l  a l l e l e  GPI" i s  mapped i n  F i g .  2 .  N o  i n d i v i d u a l  sampled 

w a s  homozygous f o r  G P I n .  These d e t e r m i n a t i o n s  r e i n f o r c e  

g e n o t y p i c  a n a l y s e s  i n  Guttman ( 1 9 9 0 )  and  c r o s s i n g  data  below; 

a l l  e v i d e n c e  i n d i c a t e  t h a t  i n d i v i d u a l s  p o s s e s s i n g  t h e  GPInn  

g e n o t y p e  do n o t  s u r v i v e  more t h a n  a few weeks p o s t - h a t c h .  

The h i g h e s t  f r e q u e n c y  of GPIn  d e t e r m i n e d  d u r i n g  t h i s  s t u d y  

o c c u r r e d  i n  t h e  p o p u l a t i o n  a t  Lakengren (#19 ,  Table 11, 43  km 

n o r t h  o f  t h e  FEMP. All sites w i t h i n  80  km of t h e  FEMP, e x c e p t  

f o r  t h e  Kentucky p o p u l a t i o n  (#21) m a i n t a i n e d  G P I n  i n  f r e q u e n c i e s  

2 1 0 % ;  i n  p o p u l a t i o n  # 2 1  a n d  e a s t e r n  p o p u l a t i o n s  more t h a n  1 2 5  

km from t h e  FEMP a l l e l e  f r e q u e n c i e s  f o r  G P I n  d e c r e a s e d  

d r a m a t i c a l l y  t o  3% o r  less ( F i g .  2 ) .  

Two t y p e s  of c o n t i n g e n c y  c h i - s q u a r e  a n a l y s e s  w e r e  

p e r f o r m e d .  The f i r s t  c o n s i d e r e d  a l l  f i v e  a l l e l e s  detected i n  

t h e  p o p u l a t i o n s  sampled  d u r i n g  1991;  t h e  second  a n a l y s i s  p o o l e d  

a l l  a l l e l e s  e x c e p t  GPIn i n t o  an " o t h e r "  c a t e g o r y  a n d  compared 

i 
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t h e  ' f r equenc ie s  of  t h e  n u l l  and "o the r "  c a t e g o r i e s  a c r o s s  

p o p u l a t i o n s .  

Using a l l  a l l e l e s ,  t h o s e  samples c o l l e c t e d  w i t h i n  20 km of 

t h e  FEMP are s i g n i f i c a n t l y  he te rogeneous  ( p = O . O l ;  Table 3 ) ;  t h e  

m a j o r i t y  of t h e  c o n t r i b u t i o n  t o  t h e  h i g h  c h i - s q u a r e  v a l u e  

d e r i v e s  from t h e  low f requency  of GPIa i n  t h e  Booth Road (#17) 

sample and h i g h  f requency  of GPIb  a t  t h e  H i l l t o p  (#6) s i te .  

S i g n i f i c a n t  (p<O.OOOl) h e t e r o g e n e i t y  w a s  a p p a r e n t  when t h o s e  

p o p u l a t i o n s  (# l a -22 )  c o l l e c t e d  30-45 km from t h e  FEMP were 

compared; h e t e r o g e n e i t y  w a s  due t o  t h e  d i s p a r a t e  d i s t r i b u t i o n  

of  a l l  f i v e  a l l e l e s .  I n  p a r t i c u l a r ,  t h e  s o u t h e r n  ( # 2 1 )  sample 

had G P I n  p r e s e n t  i n  low ( 0 . 0 1 )  f requency .  S e p a r a t i o n  of t h e  

Hedgerow Road (#la) and Lakengren ( # 1 9 )  p o p u l a t i o n s  i n t o  a 

n o r t h e r n  group ma in ta ined  within-group h e t e r o g e n e i t y  (p=O.OOl; 

Table 3 )  a t t r i b u t a b l e  t o  t h e  p resence  of GPIb only a t  # 1 9  and 

G P I a  b e i n g  t h r e e  t i m e s  more f r e q u e n t  i n  p o p u l a t i o n  #18 t h a n  t h e  

former  s i t e .  Those p o p u l a t i o n s  (#23-27)  sampled a t  d i s t a n c e s  

g r e a t e r  t h a n  70 km from t h e  FEMP are also s i g n i f i c a n t l y  

he t e rogeneous  (p<O.OOOOl) due t o  t h e  h igh  f r equency  of G P I n  a n d .  

G P I b  i n  t h e  w e s t e r n  Greensburg (#23)  and n o r t h e r n  F t .  J e f f e r s o n  

( # 2 4 )  samples  compared t o  t h e  e a s t e r n  p o p u l a t i o n s  (#25-27);  

e a s t e r n  p o p u l a t i o n s  t ended  t o  have h i g h  f r e q u e n c i e s  of G P I a .  

Comparison of  o n l y  t h e  e a s t e r n  p o p u l a t i o n s  y i e l d e d  d a t a  

i n d i c a t i n g  t h e s e  t h r e e  p o p u l a t i o n s  are homogeneous a t  G P I .  

R e s u l t s  d i f f e r  s l i g h t l y  when a l l  a l l e l e s  e x c e p t  GPIn  w e r e  

p o o l e d  i n t o  an  " o t h e r "  c a t e g o r y  and t h e  f r e q u e n c i e s  of t h e  n u l l  

and  " o t h e r "  c a t e g o r i e s  are compared across p o p u l a t i o n s  (Table  

.. 
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4 ) .  

'FEMP changed from.exhibi t ing s i g n i f i c a n t  heterogenei ty  t o  being 

O n l y  t he  populations co l l ec t ed  l e s s  than 20 k m  from t h e  

homogeneous. However, t he  l e v e l  of s ign i f icance  f o r  t h e  30-40 

k m  north group decreased from p=O.OOl to p-0.04. 

Linear regressions of frequency of t he  GPIn  a l l e l e  with 

d i s t a n c e  from t h e  FEMP were not s i g n i f i c a n t .  Regressions were 

a l s o  performed using frequency and d is tance  from t h e  FEMP along 

each compass poin t ;  none were s i g n i f i c a n t  (p>0.05) .  
I 

Twenty a d u l t  males heterozygous f o r  t h e  n u l l  a l l e l e  were 

maintained f o r  use i n  crosses  with heterozygous n u l l  females. 

Twenty-five of t he  31 adul t ' female  t r ee f rogs  co l l ec t ed  were 

g rav id .  Only four  of t he  1 4  c rosses  attempted were successful  

i n  producing v i ab le ,  f e r t i l i z e d  eggs.  Two crosses  (#3  and #4) 

r ep resen t  con t ro l  crosses involving e i t h e r  a l l  a l l e l e s  w i t h  

normal a c t i v i t y  o r  t he  n u l l  (GPI") heterozygous i n  only one of 

t h e  pa ren t s  (Table 5 ) .  For cross  #3 ( G P I C C  x G P I a c )  t h e  

genotypes of o f f sp r ing  deviated s i g n i f i c a n t l y  (pC0.05) from t h e  

1:l expected r a t i o .  There was no s i g n i f i c a n t  devia t ion  from 

expected proport ions (1:l) i n  c ross  #4 (GPIan  x G ? I C C ) .  I n  

c o n t r a s t ,  c ros ses  involving both heterozygous males and females 

(#1 and # 2 )  y ie lded  highly s i g n i f i c a n t  (p<O.OOl) deviat ions from 

expected r a t i o s  (Table 5 ) .  I n  both of t he  l a t t e r  c rosses ,  t h e  

G ? I n n  genotype was expected t o  occur but did not appear i n  young 

of s u f f i c i e n t  s i z e  f o r  e l ec t rophore t i c  ana lys i s ;  t hese  r e s u l t s  

s t r o n g l y  suggest t h a t  t h i s  genotype i s  l e t h a l .  

i- 

.- ir 

f _ .  

i 

i 

8 



D I S C U S S I O N  

Facemire e t  a l .  ( 1 9 9 0 )  found a unique n u l l  a l l e l e  a t  t h e  

glucose phosphat-e isomerase (GPI )  locus i n  FEMP t r e e f r o g  

tadpoles .  The a l l e l e ,  G P I n  ( t h e i r  G P I C )  w a s  p resent  i n  FEMP 

samples from both years w i t h  a frequency of approximately 20%, 

was expressed only i n  heterozygous condition and was not present  

i n  tadpoles  from off-property; s i g n i f i c a n t  heterogenei ty  

(p<O.OOl) e x i s t e d  between FEMP and off-property tadpoles  a t  t h i s  

locus .  

Guttman ( 1 9 9 0 )  found t h a t  t h e  n u l l  a l l e l e  occurs i n  a 

frequency approximately equal t o  t h a t  found on t h e  FEMP i n  an 

a rea  of approximately 20 km north of t h e  FEMP (range of GPIn 

1 5 % - 2 7 % ) ;  re-examination of ge l  photographs from Facemire e t  a l .  

( 1 9 9 0 )  determined t h a t  t he  G P I n  had been erroneously c l a s s i f i e d  

a s  absent from t h e i r  R e i l y  population sample. I n  cont ras t ,  t h e  

a l l e l e  was reduced i n  frequency a shor t  d i s tance  t o  the  eas t  and 

south of t h e  FEMP. Frequencies decreased f u r t h e r  north,  

southeas t  and south of these  a reas .  Facemire e t  a l .  ( 1 9 9 0 )  

pos tu l a t ed  t h a t ,  s ince  the  GPIn a l l e l e  occurred i n  the  spr ing 

peeper tadpoles  from the  FEMP waste s torage a rea  b u t  not from 

t h e  re ference  s i t e ,  t h e i r  data  suggested s i g n i f i c a n t  e f f e c t s  of 

FEMP opera t ions  on the  crucifer breeding i n  t h e  waste 

s to rage  a r e a .  Heavy metals and radionucl ides ,  such a s  those 

found i n  t h e  waste s torage a rea ,  have been shown t o  be 

mutagenic; Facemire e t  a l .  ( 1 9 9 0 )  noted t h e  necess i ty  of 

a d d i t i o n a l  sampling from ponds immediately around the  FEMP 

--_ --_ 
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before t h e  c a u s e  and  s i t e  of o r i g i n  f o r  t h e  n u l l  G P I  a l l e l e  

c o u l d  be u n e q u i v o c a l l y  d e t e r m i n e d .  

While t h e  s t u d y  by  Guttman (1990)  d e m o n s t r a t e d  t h a t  t h e  

GPIn a l l e l e  h a s  a wider d i s t r i b u t i o n  t h a n  a n t i c i p a t e d  by  

F a c e m i r e  e t  a l .  ( 1 9 9 0 ) ,  t h e  FEMP remained  a possible  s i t e  f o r  

i t s  o r i g i n .  S i n c e  t h e  FEMP and s u r r o u n d i n g  i n d u s t r i e s  have been  

active s i n c e  t h e  1 9 5 0 ' s ,  s u f f i c i e n t  t i m e  may have  elapsed t o  

a c c o u n t  f o r  w idesp read  dispersal  o f  t h e  GPIn a l l e l e .  Guttman 

(1990)  h y p o t h e s i z e d  a p o t e n t i a l  s c e n a r i o  f o r  t h e  o r i g i n  and  

s p r e a d  of t h e  GPIn a l l e l e  b u t  c o u l d  n o t  u n e q u i v o c a l l y  d e t e r m i n e  

t h e  s p e c i f i c  s i t e  o f  o r i g i n  f o r  t h i s  a l l e l e .  H e  p o s t u l a t e d  t h a t  

h e r b i c i d e s ,  pest ic ides ,  o t h e r  p o t e n t i a l  mutagens o r  n a t u r a l  

m u t a t i o n a l  e v e n t s  a t  any  s i t e  w i t h i n  t h e  area of h i g h  f r e q u e n c y  

may have  been  r e s p o n s i b l e  f o r  i t s  i n d u c t i o n .  However, Gut tman ' s  

(1990) d a t a  s t r o n g l y  s u g g e s t e d  t h a t  t h e  a l l e l e  o r i g i n a t e d  w i t h i n  

a n  a p p r o x i m a t e  area bounded by  R e i l y  t o  t h e  n o r t h ,  K i r c h l i n g  

Road on t h e  w e s t  a n d  immedia t e ly  s o u t h  o f  t h e  FEMP. 

R e s u l t s  o f  a n a l y s e s  conduc ted  d u r i n g  1 9 9 1  s i g n i f i c a n t l y  

a f f e c t  t h e  above  h y p o t h e s e s .  I t  i s  now a p p a r e n t  t h a t  t h e  G ? I n  

a l l e l e  i s  p r e s e n t  'in h i g h e r  f r e q u e n c y  over a much wider 

d i s t r i b u t i o n  t h a n  w a s  p r e v i o u s l y  a n t i c i p a t e d .  The n o r t h e r n m o s t  

s i t e  t h a t  w e  sampled  i n  1 9 9 1  was a t  F o r t  J e f f e r s o n ,  7 7  km from 

t h e  FEMP; G P I n  o c c u r r e d  a t  a f r e q u e n c y  o f  0 . 1 8  i n  t h a t  

p o p u l a t i o n .  I n  1 9 9 1  w e  c o l l e c t e d  f r o g s  w e s t  o f  t h e  FEMP; t h e  

n u l l  a l l e l e  w a s  p r e s e n t  i n  h i g h  f r e q u e n c y  ( 0 . 2 0 )  UP t o  70 km 

w e s t  (Greensburg ,  I N )  o f  t h e  s i t e .  P r e v i o u s  da ta  s u g g e s t e d  a 

decr.ease i n  f r e q u e n c y  east  o f  t h e  FEMP w i t h  t h e  Bank Road sample  

000015 
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(10 km o f f - p r o p e r t y )  e x h i b i t i n g  GPIn  i n  r e l a t i v e l y  l o w  (0 .05 )  

f r e q u e n c y  (Guttman 1 9 9 0 ) .  However, it w a s  p r e s e n t  i n  elevated 

f r e q u e n c y  ( 0 . 1 4 )  i n  t h e  t h e  Mason p o p u l a t i o n ,  36  km east of t h e  

FEMP. F u r t h e r  east ,  a t  d i s t a n c e s  f rom 128 - 336 km from t h e  

FEMP, f r e q u e n c i e s  of GPIn r anged  between 0 . 0 1  a n d  0 .03  (s i tes  

25-27) .  D imun i t ion  o f  n u l l  a l l e l e  f r e q u e n c y  o c c u r r e d  as  

predicted o n l y  s o u t h  of t h e  FEMP where t h e  c l i n e  i n  f r e q u e n c y  

observed ea r l i e r  (0 .07 ,  Whi tewater ,  8 km s o u t h ;  0 .06 ,  J o r d a n  

Road, 13 km s o u t h ;  Guttman 1990)  c o n t i n u e d  t o  0.01 a t  R i c e  Run, 

KY ( s i t e  2 1 ;  4 1  km s o u t h ) .  

C h i p p i n d a l e  (1989)  conduc ted  a s t u d y  o f  g e n e t i c  v a r i a t i o n  

i n  s p r i n g  p e e p e r s  and  sampled a t o t a l  of 4 1 6  t reefrogs from two 

F l o r i d a  l oca l i t i e s ,  V i r g i n i a ,  Manitoba,  Nova S c o t i a  and  

e x t e n s i v e l y  w i t h i n  O n t a r i o .  H e  reports  ( C h i p p i n d a l e ,  p e r s .  

c o m m . )  f i n d i n g  i n  two O n t a r i o  si tes f o u r  t a d p o l e s  t h a t  

p o t e n t i a l l y  c o u l d  be G P I  n u l l  h e t e r o z y g o t e s .  T h i r t y - n i n e  

F l o r i d a  f rogs  a n d  32 V i r g i n i a  i n d i v i d u a l s  l a c k e d  t h e  n u l l  

a l l e l e .  These data ,  i f  c o r r e c t ,  would e x t e n d  t h e  r a n g e  of  t h e  

n u l l  a l l e l e  as f a r  n o r t h  as  O n t a r i o .  

D i s t r i b u t i o n a l  data  from o u r  s t u d i e s  i n  Ohio,  I n d i a n a  and  

Kentucky a n d  C h i p p i n d a l e ' s  (above)  d e m o n s t r a t e  t h a t  it i s  n o t  

p l a u s i b l e  t o  s u g g e s t  t h a t  t h e  FEMP might  have  been  r e s p o n s i b l e  

f o r  t h e  o r i g i n  of t h e  G P I n  a l l e l e .  The r a n g e  of t h e  GPIn a l l e l e  

i s  t o o  e x t e n s i v e  t o  r e a s o n a b l y  be a t t r i b u t e d  t o  a n  FEMP origir ,  

a n d  spread s i n c e  p r o d u c t i o n  began  a t  t h e  p l a n t .  The a l l e l e  

o c c u r s  i n  h i g h e s t  f r e q u e n c y  i n  t h e  T i l l  P l a i n s  p h y s i o g r a p h i c  

area (Conant  1951)  o f  Ohio a n d  a d j a c e n t  I n d i a n a .  Only t w o  s i t e s  

i 
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homozygous e were expected. Combining those frogs 

collected in 1990 and 1991, 1647 animals were examined and the 

overall frequency of the null allele was 14%; a total of 462 

treefrogs were heterozygous for the GPIn allele and assuming 

Hardy-Weinberg equilibrium conditions 32 null homozygous H y l a  

c-Lcifer v .  were expected. Jones et al. (1986) demonstrated that 

I 

sampled (Boone County, KY; Belmont County, 0H)'were south of the 

boundary of the Pleistocene glaciers; allele frequencies appear 

to be highest immediately north of the boundary in southwestern 

Ohio and,southeastern Indiana. 

Although in 1991 a total of 864 field-collected €Iyla 

c r u c S e ~  were analyzed and 197 individuals were heterozygous for 

the GPIn allele, none of the treefrogs were homozygous for the 

null allele. Assuming Hardy-Weinberg equilibrium conditions and 

considering the populations sampled as one large unit, 11 null 

null heterozygotes for GPI in Clarkia , obtained after treatment 
of plants with the mutagen EMS, appeared to be as fit as normal 

homozygotes. However, null homozygotes were never recovered 

after selfing the null heterozygotes and were presumed to be 

lethal. Weeden and Wendel (1990) suggested that the presence of 

two, equally intense bands on an electrophoretic gel with a null 

heterozygote for a dimeric enzyme is a strong indication of a 

defective monomer; the two strands of the homozygous null dimer 

are unable to form an active enzyme while a null and active 

heterodimer can be functional. Peters and Ball (1990) obtained, 

after treatment of mice with the mutagen ENU, two types of null 

heterozygous offspring; one type produced only the active 
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homodimer and was i d e n t i f i e d  as  being heterozygous by a 

reduction i n  a c t i v i t y  of tha-t band. T h e  second p a t t e r n  was two- 

banded w i t h  both bands being equal ly  in tense ;  t h i s  i s  t h e  

. @  appearance of t h e  spr ing  peeper GPI'". West e t  a l .  . (1990)  z 

reported t h a t  t h e  G P I  present  i n  normal mouse embryos i s  

exc lus ive ly  oocyte-coded u n t i l  t h e  embryonic genes a r e  ac t iva t ed  

a t  2.5-3.5 days pos t  coitum. Using heterozygous n u l l  crosses,  

West e t  a 1  ( 1 9 9 0 )  demonstrated t h a t  a t  7 . 5  days p o s t  coi tum 

homozygous n u l l  embryos were present a t  t he  expected 25% 

frequency b u t  b y  9 . 5  days p o s t  coitum t he  homozygous n u l l  

embryos were dead. These data ,  combined w i t h  t h e  crosses  i n  t h e  

present  s t u d y  support our contention from f i e l d  da t a  (Facemire 

e t  a l .  1 9 9 0 ;  Guttman 1990 ;  present study) t h a t  t h e  homozygous 

n u l l  condi t ion i s  l e t h a l  i n  spr ing peepers. 

The data  from t h i s  s t u d y  s t rongly  suggest t h a t  t he  FEMP was 

However, not responsible  f o r  t h e  o r i g i n  of t h e  n u l l  G P I  a l l e l e .  

t h i s  i nves t iga t ion  has r a i sed  some extremely important bas ic  

s c i e n t i f i c  quest ions concerning the  

W e  a r e  uncercain of t h e  exact timing of death of t h e  embryos. 

Since we were using s t a r c h  g e l  e l ec t rophore t i c  techniques t o  

determine G P I  p a t t e r n s ,  w e  were unable t o  e l e c t r o p h o r e t i c a l l y  

examine tadpoles  u n t i l  t h e y  a t t a i n e d  adequate s i z e .  During t h i s  

per iod many developing eggs, embryos and young tadpoles ,  died i n  

each c ross ,  e s p e c i a l l y  #1 and #2 (Table 2). We a r e  uncertain 

whether a l l  f rogs  t h a t  d ied  i n  these  crosses  were homozygous 

n u l l .  

e l e c t r o p h o r e t i c  procedures; these  a re  capable of resolving 

crucifer GPI* a l l e l e .  

Recently w e  have begun t o  a l s o  employ c e l l u l o s e  a c e t a t e  
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p a t t e r n s  i n  developing eggs. Therefore, crosses  of heterozygous 

sp r ing  peepers should be repeated. For some crosses ,  random 

samples of eggs t h a t  begin t o  cleave should be se l ec t ed  on a 

r egu la r  b a s i s ,  s a c r i f i c e d  and electrophoresed t o  determine when 

embryonic genes a r e  ac t iva t ed .  For another s e t  of crosses ,  

embryos and tadpoles  t h a t  die should be co l l ec t ed  soon a f t e r  

dea th  and frozen f o r  subsequent e lec t rophores i s  t o  determine 

whether t h e r e  i s  an equal d i s t r i b u t i o n  of deaths among genotypes 

oth.er than t h e  homozygous n u l l  (see cross  #1, Table 2 ) .  

It  i s  apparent from our co l l ec t ing  e f f o r t s  t h a t  t h e  n u l l  

a l l e l e  i s  reduced t o  very low frequency south of Cincinnat i  and 

wi th in  approximately 100  km e a s t  of t h e  c i t y .  However, we do 

not know much about t h e  d i s t r i b u t i o n  of G P I n  w e s t  of t h e  FEMP 

s i n c e  only two s i t e s  were sampled and a t  70  k m  w e s t  ( s i t e  2 3 ,  

Greensburg) it was present a t  a high ( 2 0 % )  frequency. I n  

a d d i t i o n ,  t h e  G P I n  a l l e l e  remained i n  high ( 1 8 % )  frequency 77  k m  

n o r t h  ( s i t e  2 4 )  of t h e  p lan t  although from Chippindale 's  ( p e r s .  

c o r n . )  da t a  it i s  e i t h e r  present i n  very low frequency o r  absent,  

from Ontar io .  Documentation of the  ' d i s t r i b u t i o n  of t h e  a l l e l e  

i s  imperative t o  e luc ida te  both i t s  poss ib le  s i t e  of o r i g i n  and 

p o t e n t i a l  s e l e c t i o n  pressures  responsible  f o r  i t s  maintenance. 

Se lec t ion  pressures  maintain-ing the  GPIn  a l l e l e  must  be 

i n v e s t i g a t e d .  Perhaps the best  documented s i m i l a r  phenomenon a t  

a s i n g l e  locus i s  t h e  case of heterozygous advantage 

(overdominance f o r  f i t n e s s )  f o r  s i c k l e - c e l l  hemoglobin i n  humans 

(Futuyma 1 9 8 6 ) ;  i n  t h i s  s i t u a t i o n  persons homozygous f o r  HbS 

s u f f e r  severe anemia and usual ly  d i e  before  reproducing. 

000019 
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However, in parts of Africa where falciparum malaria is 

prevalent the HbAS heterozygote has a higher survival rate than 

the HbA homozygote. 

Hvlarrucifer GPI'" heterozygote exhibits superior fitness 

relative to other, normal heterozygotes. 

It is critical to determine whether the 
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Table 1. Collection sites for spring peeper (Hyla crucifer) populations examined. 

Site 
No. 

6 

11  

1 7  

18  

1 9  

20 

21 

22 

23 

24 

25 

26 

27 

Si te  
Abbrev. 

HTOP 

TEET 

HBXT. 

LAKE 

MASON 

RICE 

MARY 

GFQN 

mm 

BLUE 

CHILL 

BELL 

Distance 

<2 km n 

5-10 km n 

15-20 km n 

32 km n 

43 km n 

36 km e 

41 km s 

38 km w 

Sample 
Size 

75 adults 

55 adults 

22 adults 

42 adults 

60 adults 

62 adults 

49 adults 

44 adults 

County State Locatlon 

Butler 

Butler 

Butler 

Preble 

Preble 

Warren 

Boone 

Franklin 

70 km w 119 tadpoles Decatur 

77 km n 42 adults Darke 

128 km e 118 tadpoles Adams 

142 krn e 124 tadpoles Ross 

336 km e 52 adults Belmont 

ai 

ai 

ai 

ai 

CH 

ai 

m 

IN 

IN 

CH 

ai 

ai 

ai 

Farm pond north of SR126, 
near Nieman Farm 

Teet's Farm, w side Chapel 
Rd, 1 km s jn with Jenkins Rd 

Pond 1 km S Booth Rd, 0.7 km 
w US27 

Hedgerow Road 

Pond adjacent to Lakengren 
just off SR732 

Ponds adjacent to Columbia 
Road near Mason, OH 

Rice Run Rd., 8 km w 171 

On IN101, 4.2 krn n of 174 

3 km s Knorr Corner, on 
US421 s Greensburg 

w of US127, s Fort Jefferson 

flooded field adjacent to OH125 
in Blue Creek 

Lunbeck Rd., 1 km s jn OH104 

Blaine, adjacent to Blaine 
Cemetery 

. .. 
.% 

i 
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Table 2. Allele frequencies at the glucose-6-phosphate isomerase (GPI) locus in populations of treefrogs (Hyla 
crucifer). Site abbreviations and numbers refer to Table 1. N indicates number of individuals sampled from each site. 

POPULATION 

NAME HTOP TEET BOOTH ECGE LAKE MASON RICE MARY GXDJ FORT BLUE CHILL BELL 

POP.# 6 1 1  1 7  1 8  1 9  20  21 22  23 24 25 26 2 7  

(W) 7 5  55  2 2  42  60  62 49  44 119 42  118 124 5 2  

Allele 
a 0.17 0.13 0.05 0.14 0.03 0.30 0.14 0.10 0.10 0.10 0.27 0.29 0.24 

b 0.04 9 0.05 0.25 0.06 0.03 0.07 0.02 0.01 

c 0.62 0.75 0.86 0.67 0.60 0.30 0.85 0.74 0.67 0.65 0.70 0.67 0.74 

e 0.01 

n 0.17 0.12 0.09 0.19 0.32 0.14 0.01 0.10 0.20 0.18 0.01 0.03 0.02 

c- *. ., 



Contingency chi-square analyses for genetic heterogeneity at the PI locus among treefrog 
populations. All alleles were considered. Comparisons are within distance classes. Where 
sufficient populalions were sampled from different compass points within a distance class, 
comparisons were made by compass direction. **p I 0.01, ***p 5 0.001, NS = not significant. 
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Table 4. Contingency chi-square analyses for genetic heterogeneity at the GPI locus among treefrog populations. Two classes 
of alleles were considered: null and other. Comparisons are within distance classes. Where sufficient populations were sampled 
from different compass points within a distance class, comparisons were made by compass direction. *p I 0.05, ***p I 0.001, 
NS = not significant. 
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Table 5. ' Crosses made to determine mode of inheritance and potential lethality of null allele. The chi-square test (corrected 
for small samples) was used to determine significance of observed compared with expected genotypic values. 

Cross 
# 

1 

2 

3 

4 

Female #, slte, 
'. genotype 

13 (pop. 11) 
an 

1 1 (pop. 21) 
cc ~ 

Male #, slte, 
genotype 

17 (pop. 11) 
cn 

48 (pop. 27) 
ac 

5 (POP. 6) 
cc 

# Number of observed (expected) genotypes P 
analyzed 

3 8  

55  

108 

85  

ac an cn nn 
29 (9.5) 8 (9.5) 1 (9.5) 0 (9.5) <0.001 

cc cn nn 
25 (13.8) 30 (27.5) 0 (13.8) 

cc ac 
43 (54) 65 (54) 

4 
ac cn 
(42.5) 44 (42.5) 

co.001 

< 0.05 

n.s. 


